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Abstract 

Introduction: Assessment of the left atrium (LA) mechanical function pro- 
vides further information on the level of cardiac compensation. We aimed to 
evaluate LA function using a strain imaging method: velocity vector imaging 
(VVI) in chronic primary mitral regurgitation (MR). 

Material and methods: We recruited 48 patients with chronic, isolated, 
moderate to severe MR (54.70 ±15.35 years and 56% male) and 30 age- and 
sex-matched healthy controls (56.52 ±15.95 years and 56% male). The LA 
volumes during reservoir (RV), conduit (CV) and contractile phases (AV) were 
measured. Global strain (S), systolic strain rate (SRs), early diastolic (ESRd) 
and late diastolic strain rate (LSRd) were calculated. 

Results: LA RV (50 ±18.7 to 37.9 ±5.9; p = 0.0001), CV (43.1 ±29 to 21 ±2.56; 
p = 0.0001), and AV (17.9 ±13.5 to 10.9 ±1.9; p = 0.006) were increased in 
MR patients. The LA reservoir phase strain was 16.2 ±8.1% in the MR group 
and 51.1 ±5.7% in the control group (p = 0.0001). The LA SRs (1.01 ±0.52 s" 1 
for MR and 2.1 ±0.22 s" 1 for controls; p = 0.0001), LA ESRd (0.83 ±0.34 s" 1 for 
MR and 2.26 ±0.17 s" 1 for controls; p = 0.0001) and LA LSRd (0.76 ±0.24 s" 1 for 
MR and 2.2 ±0.26 s _1 for controls; p = 0.0001) were impaired in MR patients. 
Conclusions: The LA deformation indices may be used as adjunctive param- 
eters to determine LA dysfunction in chronic primary MR. 
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Introduction 

Left atrium (LA) dilatation is associated with increased cardiovascu- 
lar mortality and morbidity in patients with chronic mitral regurgitation 
(MR) [1, 2]. In the pathophysiological process, both the LA and left ventri- 
cle (LV) develop adaptive remodelling due to a persistent increase in pre- 
load. At early stages, LA plays an important role in the preservation of LV 
stroke volume by increasing its contractility [3, 4]. However, progressive 
LA and LV contractile dysfunction is inevitable due to negative myocar- 
dial remodelling induced by chronic volume overload in these patients. 
Early detection of the impairment in LV contractility is important for both 
determining the optimal time for mitral valve surgery and prognosis of 
the disease. 

Evaluation of the LA mechanical function in chronic MR may give ad- 
junctive information on compensatory mechanisms and subtle changes 
in LV systolic function. Despite being angle and load dependent, con- 



AM S 



Selen Yurdakul, Ozlem Yildinmturk, Saide Aytekin 



ventional echocardiographic parameters such as 
LA dimensions, area and volume are widely used 
to evaluate LA dysfunction in patients with chron- 
ic MR. Two-dimensional (2D) strain imaging has 
emerged as a new technique for the assessment 
of subclinical cardiac dysfunction with the advan- 
tages of being independent from cardiac angle 
and tethering effects [5-7]. Velocity vector imag- 
ing (VVI) is a 2D strain imaging technique which 
may give detailed information on cardiac regional 
functions [8, 9]. 

In this study, we aimed to analyse LA mechani- 
cal functions in a cohort of chronic, primary mitral 
regurgitation patients with normal LV EF by using 
both the conventional and VVI-derived strain im- 
aging technique. 

Material and methods 

Study design and patient population 

We enrolled 52 patients; however, 4 patients 
were excluded from the study, due to a bad acous- 
tic window. The study included 48 patients (54.70 
±15.35 years and 56% male) with asymptomat- 
ic, chronic, primary moderate to severe MR and 
30 age- and sex-matched control subjects (56.52 
±15.95 years and 56% male). The aetiologies of 
MR were determined according to echocardio- 
graphic evaluation and identified as follows: mi- 
tral valve prolapse (20 patients), degenerative 
changes (20 patients) and fibrotic changes (8 pa- 
tients). Inclusion criteria were (1) the presence of 
non-ischemic moderate to severe MR (the etiology 
of MR was due to mitral valve prolapse, degener- 
ative changes and fibrotic changes), (2) functional 
capacity of class l-ll according to the New York 
Heart Association (NYHA), (3) sinus rhythm, (4) 
normal LV ejection fraction (EF) (> 60%). Among 
the study group, 25 patients had normal coronary 
arteries based on coronary angiographic examina- 
tion, 15 patients had a negative exercise test and 
8 patients had no clinical features of coronary ar- 
tery disease (CAD). None of the patients had wall 
motion abnormality on echocardiographic exam- 
ination. Patients with LV EF under 60%, coexis- 
tence of aortic valve disease of more than a mild 
degree, mitral stenosis, known or suspected CAD, 
low quality echocardiographic image for VVI anal- 
ysis, patients with atrioventricular conduction ab- 
normalities and atrial fibrillation were excluded 
from the study. Subjects in the control group had 
no clinical feature of CAD; also they had none of 
the cardiovascular risk factors. All of them were 
asymptomatic (functional capacity of class I) and 
had normal echocardiographic findings. 

The study protocol was approved by the local 
Ethics Committee of our institute, and detailed 
written informed consent was obtained from each 



patient. The study was performed in accordance 
with the Declaration of Helsinki. 

Echocardiographic measurements 

Patients underwent transthoracic echocardiog- 
raphy (Siemens, Sequoia, C256; Mountain View, 
CA, USA) using a 2.3-3.5 MHz transducer. Left 
ventricular end-diastolic (LVEDD) and end-systolic 
diameters (LVESD), interventricular septum (IVS) 
and posterior wall (PW) thickness were meas- 
ured from the parasternal long-axis view using 
M-mode [10]. From the apical four-chamber view, 
LV end-diastolic and end-systolic volumes (LVEDV 
and LVESV), LV stroke volume (LV SV) and LV EF 
were calculated using modified Simpson's meth- 
od [10]. Peak early (E) (m/s) and late diastolic (A) 
(m/s) transmitral flow velocities were also ana- 
lysed. The LA horizontal systolic diameter was 
measured from the apical 4-chamber view. Max- 
imal (max), minimal (min) and pre-atrial LA vol- 
umes and areas were determined by the biplane 
area-length method [11]. The LA max volume (Vol- 
max) was measured in ventricular end-systole just 
before mitral valve opening, min volume (Volmin) 
after mitral valve closure, and pre-atrial volume 
(Volpre) at the onset of the "p" wave on the elec- 
trocardiogram (ECG). LA volume index (LAVI) was 
calculated by dividing Vol max by body surface 
area (BSA). In addition, using LA volumes, the fol- 
lowing LA dynamic volumes were also calculated: 

a) LA reservoir volume: Volmax-Volmin, 

b) LA conduit volume: LV total stroke volume-LA 
reservoir volume, 

c) LA contractile volume: Volpre-Volmin. 

The degree of mitral regurgitation was identi- 
fied using mitral regurgitant volume (RV). Mitral 
RV was quantified according to previously pub- 
lished guidelines [12, 13]. 

Tissue Doppler imaging 

Guided by the apical 4-chamber view, a 5 mm 
sample volume was placed just apical to the me- 
dial and lateral mitral annulus, identified using 
pulsed-wave tissue Doppler imaging (TDI). Set- 
tings were adjusted for a frame rate between 120 
and 180 frame/s and a cineloop of 3 to 5 consecu- 
tive heart beats was recorded. TDI-derived indices 
- peak velocity during systolic ejection (S'), peak 
early (Ea), late diastolic (Aa) mitral annular veloci- 
ties and Ea/Aa ratio - were measured. Mitral E/E' 
ratio was calculated as previously described. Tei 
index was calculated as the sum of isovolumetric 
contraction time (IVCT) and isovolumetric relaxa- 
tion time (IVRT) divided by ejection time (ET). All 
the measurements were taken from three consec- 
utive cycles, and the average of three measure- 
ments was calculated. 
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Aiming to evaluate atrial segmental function, 
we also recorded apical 4 and 2 chamber views 
of both atria and determined sampling points for 
each basal, mid and superior atrial segment from 
septal, lateral, anterior and inferior walls of the LA. 
The peak atrial early (V E ) and late (V A ) velocities 
were measured from each segment and average 
values were calculated. 

Velocity Vector imaging 

Grey-scaled, 2-D apical 4- and 2-chamber views 
of the LA were recorded. The frame rate was kept 
between 70 Hz and 100 Hz and 1 beat acoustic 
capture function was used. We analysed LA defor- 
mation offline by using the VVI software (Syngo 
VVI, Siemens Medical Solutions, Germany). After 
the endocardial borders were defined manual- 
ly by the user for LA, VVI software automatically 
tracked LA endocardial borders throughout the 
cardiac cycles and the velocity vectors were oc- 
curred (Figure 1). Then we manually determined 
the sampling points for basal, mid and superior 
atrial segments from septal, lateral, anterior and 
inferior walls for the LA, during ventricular systole 
and at early and late diastole. Identifying the car- 
diac phases of systole and diastole, we measured 
the aortic valve closure time (AVC) and the time 



interval from the beginning of the QRS wave on 
ECG to peak E wave and to peak A wave, respec- 
tively on Doppler images. Consequently, strain and 
strain rate curves were automatically developed 
by the VVI software. 

"Strain" and "strain rate" are defined as the 
change in the relative distance between localized 
tracked trace points, combined with the difference 
in the relative displacement of tissue motion be- 
hind the tracked points. Strain was defined as the 
instantaneous local trace lengthening or shorten- 
ing, and SRs as the rate of lengthening or shorten- 
ing [11]. Global strain (S), systolic strain rate (SRs), 
early diastolic (ESRd) and late diastolic strain rate 
(LSRd) were calculated by averaging the data re- 
vealed from all segments analysed in LA. Peak sys- 
tolic strain and SRs were used to evaluate atrial 
reservoir function, ESRd was used to determine 
atrial conduit function and LSRd was used for the 
atrial contractile function [14]. 

We also analysed LV deformation properties to 
evaluate subclinical LV systolic dysfunction. Apical 
four-chamber, two-chamber and long-axis views 
were recorded for the LV VVI analysis. Segmental 
analysis was performed according to the 16-seg- 
ment LV model of the American Society of Echo- 
cardiography [15]. Averages of the 16 segments 
were calculated as the global LV systolic S and SRs. 
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Figure 1. The colour M-mode echocardiography map and time curves showing LA velocity, strain (%), and strain 
rate (1/s) curves in the apical four-chamber view 
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Reproducibility 

Intra-observer and inter-observer variability for 
VVI measurements were assessed. For intra-ob- 
server variability, a sample of 10 VVI measure- 
ments was randomly selected and examined by 
the same observer in two different days. For in- 
ter-observer variability, a second observer blind- 
ed to the clinical information and to the results 
of the first observer's results examined the same 
10 measurements. Intraclass correlation coeffi- 
cients for the same observer and different observ- 
ers were calculated [16]. 

Statistical analysis 

Statistical data were analysed with the Statis- 
tical Package for the Social Sciences 16.0 (SPSS, 
Chicago, IL, USA) program. Results were expressed 
as means and standard deviations. Paired samples 
f-test was used for comparisons of the groups. 



Correlation analyses were derived using Pearson 
analysis. The results were considered significant 
when the p value was less than 0.05. 

Results 

Clinical characteristics and conventional 
echocardiographic data 

Table I shows the clinical characteristics and 
conventional echocardiographic parameters of 
the patients and the control group. As expected, 
LV dimensions and LA volumes were all increased 
in the patients. 

Left atrium functional analysis 

Left atrial dynamic volumes during reservoir 
(RV), conduit (CV) and contractile phases (AV) were 
also increased (LA RV (50 ±18.7 ml to 37.9 ±5.9 ml; 
p = 0.0001), CV (43.1 ±29 ml to 21 ±2.56 ml; 



Table I. Clinical and conventional echocardiographic parameters 



Parameter 


MR group (n = 48) 


Control group {n = 30) 


Value of p 


Age [years] 


54.70 ±15.35 


56.52 ±15.95 


0.61 


Male [%] 


56 


56 


0.79 


SBP [mm Hg] 


130 +12.2 


130 ±13.8 


0.78 


DBP [mm Hg] 


69.5 ±12.3 


70.3 ±12.5 


0.85 


HR [bpm] 


74.2 ±1.8 


72.5 ±1.3 


0.83 


BSA [m 2 ] 


1.76 ±0.17 


1.74 ±0.15 


0.50 


LVEDD [cm] 


5.38 ±0.70 


4.78 ±0.32 


0.0001 



LVESD [cm] 3.83 ±0.64 3.5 ±0.72 0.03 



IVS[cm] 1.01 ±0.11 1.01 ±0.11 0.97 

PW[cm] 1.1 ±1.09 0.97 ±0.13 0.46 

LVEDV[ml] 118 ±40 95.16 ±10.44 0.003 

LVESV[ml] 54.6±29.08 34.90 ±5.94 0.0001 



EF[%] 60.50 ±5.13 62.30 ±10.85 0.11 



RV [ml] 


52.16 ±10.1 






Peak E [m/s] 


0.76 ±0.28 


0.61 ±0.35 


0.047 


Peak A [m/s] 


0.79 ±0.25 


0.65 ±0.41 


0.056 


E/A ratio 


1.04 ±0.29 


1.00 ±0.40 


0.657 


DT [ms] 


190.3 ±49 


97.7 ±19.4 


0.0001 


IVRT [ms] 


156.5 ±16.9 


76.7 ±11.6 


0.0001 


LA diameter [cm] 


4.86 ±0.77 


3.78 ±0.30 


0.0001 


Results was presented as mean ± SD, MR 


- mitral regurgitation, HR 


- heart rate, SBP - systolic blood pressure, DBP 


- diastolic blood 



pressure, LVEDD - left ventricle end diastolic diameter, LVESD - left ventricle end systolic diameter, IVS - interventricular septum diastolic 
diameter, PW - posterior wall diastolic diameter, LVEDV- left ventricle end diastolic volume, LVESV- left ventricle end systolic volume, 
EE -left ventricle ejection fraction, RV - regurgitant volume, E - early diastolic velocity, A - late diastolic velocity, DT - deceleration time, 
IVRT - isovolumetric relaxation time 
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volume [ml] volume [ml] volume [ml] 
■ MR □ Controls 

Figure 2. Comparisons of left atrial static and volume characteristics among study groups 



p = 0.0001), AV (17.9 ±13.5 ml to 10.9 ±1.9 ml; 
p = 0.006)) in MR patients compared to controls 
(Figure 2). 

Tissue Doppler imaging findings 

We did not find any statistical difference in LV 
peak Sa between MR patients and controls. How- 
ever, Ea was increased (p = 0.0001) and Aa was 
significantly impaired (p = 0.0001) in MR patients. 
LV E/Ea ratio was also increased in moderate to 
severe MR patients, supporting the presence of 
a pseudonormal pattern of LV diastolic dysfunc- 
tion (p = 0.0001). LV Tei index, which is known 
as a good predictor of both systolic and diastolic 
functions, was significantly increased in MR pa- 
tients (p = 0.0001), suggesting impairment in LV 
global functions. Also, the increase in Tei index 
was significant in MR patients compared to the 
control group (p = 0.0001) (Table II). 

In addition, TDI-derived LA V E and V A were sig- 
nificantly decreased in patients with chronic MR 
compared to controls (p = 0.0001) (Table II). 



Left atrial function by velocity vector imaging 

A total of 1,152 segments were used to identify 
regional longitudinal function of the LA from api- 
cal 4- and 2-chamber views. Because the superior 
segments' velocity is lower and more difficult to 
identify, compared to mid and basal segments, 
we were able to analyse 982 segments over 1,152 
segments. 

The LA reservoir phase strain was significantly 
impaired in the MR group, compared to the control 
(p = 0.0001). The LA SRs (p = 0.0001), LA ESRd (p = 
0.0001) and LA LSRd (p = 0.0001) were all impaired 
in patients with moderate to severe MR, when 
compared to the control group (Table III). There was 
no significant difference between the strain and 
strain rates of each segment, suggesting that the 
LA deformation was global rather than regional. 

The LV longitudinal peak systolic strain (16.29 
±3.30% to 23.44 ±1.90%; p = 0.0001) and SRs 
(0.93 ±0.39 s- 1 to 4.94 ±0.55 s" 1 ; p = 0.0001) were 
also significantly impaired in MR patients, com- 
pared to the control group, showing subclinical 



Table II. Tissue Doppler analyses of the left ventricle and the left atrium 



Parameter 


MR group (n = 48) 


Controls (n = 48) 


Value of p 


LVTDI-Sa [m/s] 


0.09 ±0.02 


0.10 ±0.11 


0.18 


LVTDI-Ea [m/s] 


0.13 ±0.03 


0.11 ±0.03 


0.0001 


LVTDI-Aa [m/s] 


0.10 ±0.04 


0.16 ±0.04 


0.0001 


LV TDI-E/Ea 


13.0 ±3.4 


6.3 ±3.3 


0.0001 


LV TDI-Tei index 


0.91 ±0.40 


0.28 ±0.06 


0.0001 


LAV E [m/s] 


0.11 ±0.03 


0.13 ±0.03 


0.0001 


LAV A [m/s] 


0.11 ±0.05 


0.16 ±0.04 


0.0001 



LV- left ventricle, TDI - tissue Doppler imaging, 5a - TDI-derived peak systolic velocity, Ea - TDI-derived peak early velocity, Aa - TDI- 



derived peak atrial velocity, E - peak early velocity, LA V E _left atrial early velocity, LAV A - left atrial late velocity 
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Table III. Regional longitudinal left atrial functions by velocity vector imaging 



Parameter 


MR group (n = 48) 


Control group (n = 48) 


Value of p 


LA strain (%) 


16.2 ±8.1 


51.1 ±5.7 


0.0001 


LA SRs (1/s) 


1.01 ±0.52 


2.1 ±0.22 


0.0001 


LA ESRd (1/s) 


0.83 ±0.34 


2.26 ±0.17 


0.0001 


LA LSRd (1/s) 


0.76 ±0.24 


2.2 ±0.26 


0.0001 


LA - left atrium, LA SRs 
strain rate 


- left atrial systolic strain rate, LA ESRd - 


left atrial early diastolic strain rate, LA LSRd - 


left atrial late diastolic 


Table IV. Comparison of left atrial reservoir deformation indices based on left atrial volume index 


Parameter 


Group 1 
(LAVI > 40 ml/m 2 ) 
{n = 40) 


Group II 
(LAVI < 40 ml/m 2 ) 
(« = 8) 


Value of p 


LA strain (%) 


13.75 ±5.6 


32.2 ±18.7 


0.0001 


LA SRs (1/s) 


1.03 ±0.53 


2.0 ±1.2 


0.003 



LA - left atrium, LAVI - left atrial volume index, SRs - systolic strain rate 



LV systolic dysfunction despite preserved LV EF in 
chronic MR patients. 

Furthermore, we classified the patients accord- 
ing to LAVI into two groups (group I: LAVI > 40 ml/ 
m 2 and group II: LAVI < 40 ml/m 2 ) and compared 
the LA deformation properties to assess the effect 
of LA volume over LA contractile functions. We 
found that patients from group I had significantly 
impaired LA contractile deformation compared to 
patients from group II (Table IV). 

Correlation analyses of LA deformation 

The correlation analyses of LA deformation in- 
dices were analysed. The LA strain was positively 
correlated with LA ESRd (r = 0.834; p = 0.0001) 
and LA LSRd (r = 0.842; p = 0.0001). The LA strain 
rate was also positively correlated with LA ESRd 
(r = 0.717; p = 0.0001) and LA LSRd (r = 0.658; 
p = 0.0001). The LA strain (r = 0.747; p = 0.0001), 
and strain rate (r = 0.694; p = 0.0001) parameters 
were also positively correlated with LV strain. 

The LA ESRd value was negatively correlat- 
ed with mitral E wave velocity (r = -0.371; p = 
0.003), E/Ea ratio (r = -0.292; p = 0.02), DT (r = 
-0.410; p = 0.0001) and LV Tei index (r = -0.537; 
p = 0.0001), suggesting impairment in LV diastolic 
function. The LA LSRd was negatively correlated 
with LA RV (r = -0.352; p = 0.001) and LA VI (r = 
-0.663; p = 0.0001). 

Reproducibility 

Intraclass correlations for intra-observer vari- 
ability were good for VVI-derived parameters 
(longitudinal strain: 0.85, 95% confidence interval 
(CI) 0.75-0.98; longitudinal SR: 0.76, 95% CI). The 



intraclass correlations for inter-observer variabili- 
ty were also good for VVI-derived measurements 
(longitudinal strain: 0.88, 95% CI 0.76-0.95; longi- 
tudinal SR: 0.87, 95% CI 0.78-0.99). 

Discussion 

In the present study, we found that both the 
static and dynamic LA volumes are increased in 
chronic, moderate to severe MR patients. We also 
detected marked impairment in LA deformation 
indices, based on VVI-derived strain imaging. The 
change in the deformation indices were negatively 
correlated with the corresponding LA volumes. In 
addition, we demonstrated subclinical LV systolic 
dysfunction despite preserved LV EF using strain 
imaging. Impaired LA deformation indices were 
significantly correlated with the impairment in LV 
deformation, showing that LA functions are more 
deteriorated, associated with the impairment in 
LV systolic dysfunction. 

Chronic MR induces inflammatory changes in 
the LA myocardium due to progressive volume 
overload [17]. In previous studies, LA enlargement 
in patients with chronic MR was reported to be 
associated with development of atrial fibrilla- 
tion, need for surgery and increased cardiovascu- 
lar mortality and morbidity [7, 18-21]. Although 
conventional echocardiography is widely used to 
evaluate LA functions, various limitations such 
as single plane assessment, dependence on LA 
haemodynamics and image quality deficits exist. 
For this reason, a gold standard parameter that 
reflects LA contractility is needed. Quantitative 
assessment of LA functions using invasive meth- 
ods is also clinically difficult because of simulta- 
neous LA volume and pressure measuring require- 
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merits. Tissue Doppler imaging was introduced 
as an important step towards more reliable and 
accurate measurements of cardiac regional func- 
tions [22-25]. Nevertheless, this method is still 
problematic due to cardiac rotational motion and 
tethering effects. Doppler-based strain imaging 
has emerged as a quantitative technique that es- 
timates myocardial functions and contractility rel- 
atively independent of changes in loading, cardiac 
rotational motion and tethering effects [26, 27]. 
A limited number of previous studies report that 
assessment of strain imagingmay also be feasible 
for evaluating LA functions [28-30]. Being one-di- 
mensional and angle dependent, Doppler-based 
strain imaging has limitations which opened the 
way for 2-dimensional strain imaging techniques 
such as speckle tracking and VVI [26-28]. 

In this study, we used a novel two-dimensional 
strain imaging (VVI) method for the assessment 
of LA mechanical changes in patients with chron- 
ic moderate to severe MR. In the initial process 
of MR, LA size and volume increases due to pro- 
gressive increase in LA volume load. In addition, at 
early stages or in acutely developed MR, enhance- 
ment of LA contractile function may be detected 
for the preservation of LV stroke volume [3]. As 
the LA volume overload continues, LA structural 
changes promote impairment in both LA compli- 
ance and contractility. 

Passive stretching of the LA wall during LV sys- 
tole represents LA reservoir function. In the pres- 
ent study, we found a significant increase in res- 
ervoir volume in patients with chronic MR due to 
LA volume overload as expected. Borg et al. [14] 
also demonstrated an increase in LA reservoir vol- 
ume as well as LA reservoir strain and strain rate 
in a cohort of patients with chronic moderate to 
severe MR. They suggested that the increase in LA 
reservoir function was probably due to increased 
atrial compliance as a compensatory response 
to volume overload. In contrast to these results, 
we found a significant decrease in LA reservoir 
deformation in our study group, which indicates 
impairment in LA compliance. This difference may 
be caused by some clinical differences between 
the study patients such as the duration of the MR 
and the amount of volume overload. These two 
factors are directly responsible for the develop- 
ment of structural changes in the LA wall which 
cause negative LA remodelling and impairment 
in LA deformation. In addition, we know that the 
presence of LV systolic dysfunction may also af- 
fect LA reservoir function [29]. In our study, we 
found marked impairment in LV systolic defor- 
mation despite preserved LV EF. Furthermore, im- 
pairment in LV systolic deformation was positive- 
ly correlated with the impairment in LA reservoir 
deformation. 



The conduit phase reflects the passive blood 
flow from the pulmonary veins down a pressure 
gradient initiated by LV relaxation. Similar to res- 
ervoir volume, conduit volume was also increased 
in chronic MR patients compared to the healthy 
controls. We also observed that LA ESRd was 
significantly decreased in patients with chronic, 
moderate to severe MR. The ESRd is known as an 
important determinant of LV early diastolic filling 
and represents the volume that passes through 
the LA [30]. We found that impairment in LA ESRd 
was significantly correlated with the degree of LV 
diastolic dysfunction. Jarnert et al. [8] studied LA 
deformation using VVI, in order to detect LV dia- 
stolic dysfunction in patients with type 2 diabetes 
mellitus. They demonstrated that LA ESRd was 
significantly impaired in patients with LV diastolic 
dysfunction, when compared to the control group. 
Inaba et al. [7] observed that LA ESRd was signifi- 
cantly decreased in patients with paroxysmal and 
persistent atrial fibrillation. 

Atrial contractile function is determined by 
preload, afterload and LA contractility [17]. In the 
active contractile phase, the LA contracts and proj- 
ects blood into the LV in late diastole. In chronic 
moderate to severe MR, the increase in LV filling 
pressure causes an increase in atrial afterload and 
impairment of atrial contraction. In addition, LA 
contractile function decreases due to fibrosis and 
other cellular changes in the LA myocardium as 
a result of LA negative remodelling. In several stud- 
ies, it has been reported that progressive MR caus- 
es a decrease in atrial contractile function [31, 32]. 
We demonstrated that LSRd of the LA was marked- 
ly decreased in chronic MR patients, compared to 
controls, indicating an impairment in LA contractile 
function. Furthermore, impairment in LSRd was sig- 
nificantly correlated with surrogates of LA volume 
overload (LA RV and LAVI). Supporting our results, 
Shin et al. [33] also observed a marked impair- 
ment in LA deformation in patients with MR com- 
pared to controls. We suggest that, as well as LA 
negative remodelling, reduced LA contractile de- 
formation may also be due to a combination of 
enhanced early filling at the expense of late filling, 
and increased LV diastolic pressures. Cameli et al. 
examined 36 patients with advanced systolic heart 
failure. They observed a significant negative cor- 
relation between LA global longitudinal strain and 
left ventricular filling pressures, using the speckle 
tracking method [34]. In a recent study, LA reser- 
voir and contractile function, as well as LA EF were 
found to be impaired in patients with chronic MR. 
They performed their study using the VVI meth- 
od, similar to our study [35]. In another study per- 
formed by Valocik et al, the VVI method was sug- 
gested to be a feasible method for the assessment 
of left atrial volumes and LA EF [36]. 
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Consequently, we suggest that it is important 
to establish functional changes in LA to give an 
insight into the pathophysiology of chronic MR. 
In agreement with previous studies, we found 
a compensatory increase in LA static and dynam- 
ic volumes in patients with primary MR. We also 
demonstrated that, in advanced disease, serial 
measurements of LA deformation may detect im- 
pairment both in LA and LV compliance and con- 
tractile dysfunction. These findings may be useful 
for deciding the optimal time for mitral valve sur- 
gery before irreversible myocardial deterioration 
develops. 

There are very few studies that have analysed 
the changes in LA mechanical functions in the 
pathophysiological process of primary MR [13]. 
The strength of this study is the detailed LA func- 
tion evaluations by conventionalechocardiographic 
indices accompanied by VVI-derived strain imag- 
ing, which may be used in the assessment of sub- 
clinical cardiac dysfunction. The major limitation 
of our study is that we were not able to perform 
coronary angiography in all of our patients. Only 
25 MR patients had an angiogram with normal 
coronary arteries. Fifteen patients had negative 
exercise stress testing. The rest of the study pa- 
tients had no clinical features of CAD. In addition, 
we did not find any regional deformation in the 
study group. Therefore, we assume that none of 
the patients had ventricular dysfunction due to 
CAD. It is obvious that the LA is a chamber which is 
susceptible to volume and pressure changes such 
as preload and afterload alterations. For this rea- 
son, the significant differences between the pa- 
tients and the healthy controls, regarding volume 
and deformation indices, are expected results of 
this study. Another limitation is that we were not 
able to compare our results with a gold standard 
method for the evaluation of LA function. Further 
studies are needed to determine the efficiency of 
VVI imaging modality on atrial functions. 
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